Procedures have been developed for calculation of a Persistency Index for South African dairy breeds. This index is based on the Canadian Persistency Index, which is simple and easy to understand. Data used in this study were test-day records of the first three lactations, as included in the National Dairy Genetic Evaluations of South Africa, of the Ayrshire, Guernsey, Holstein and Jersey breeds. Interpolation, using the Wilmink curve, was done on these test-day records to calculate 60-day and 280-day yields for each cow and lactation. Variance components have been estimated for these yields to be used in breeding value estimations, using bivariate evaluations and a repeatability model. To obtain independence of persistency from total milk yield, 305-day milk yield estimated breeding values were included as covariates in the genetic model for estimation of breeding values for 60-and 280-day yields. The Persistency Index will be released for sires with progeny following each national dairy genetic evaluation, allowing the South African dairy industry to select for changes in persistency in future.
Introduction
Lactation persistency can be defined as the ability of a cow to maintain a relatively constant milk yield throughout her lactation (Strabel et al., 2001) , or the ability of a cow to continue producing milk at a high level after reaching the peak of her lactation (Jamrozik et al., 1998) . Persistency therefore gives an indication of the flatness of the production curve and for ease of interpretation, should be independent of level of production (Jensen, 2001) . Improvement in persistency through selection allows for the possibility of using cheaper food around peak yield (Sölkner & Fuchs, 1987) and may reduce stress due to a high peak production (Zimmerman & Sommer, 1973) . There is an advantageous relationship between flat lactation curves and a higher disease resistance. It is also often claimed that cows with a high persistency are less susceptible to nutritional disorders and, perhaps as a result of this, more fertile. This could be the result of low energy needs at the onset of lactation, causing these cows to have lower negative energy balances (NRS Handbook, 2004) . Strabel et al. (2001) concluded that more persistent lactations are advantageous since they are associated with fewer health problems and reduce feeding and reproductive costs, and also result in a higher yield for longer during the lactation.
Persistency therefore has a direct economic value. Reductions of feed (replacement of concentrates by roughages (Sölkner & Fuchs, 1987; Gengler 1995) ), health and reproductive costs are the major factors favouring more persistent cows (Sölkner & Fuchs, 1987; Dekkers et al., 1996) . Gengler (1995) found that the reduction in feed costs gives persistency a relative economic weight of approximately 3% compared to yield. Dekkers et al. (1996) estimated the economic value of persistency in dairy cattle from the expected impact on feed cost and milk returns to be approximately 5% relative to the economic value of production traits. If the possible positive genetic relationship between persistency and disease resistance could be verified, the economic importance of persistency could be even higher (Jensen, 2001 ). According to Gengler (1995) the effect of a better persistency on health and reproductive costs would increase the relative economic weight of persistency to about 7% of the economic value of milk.
In light of the clear economic benefit that selection for persistency of milk production offers to the dairy producer, the aim of this study was to develop genetic values for persistency of milk production and to introduce these values to the South African dairy industry.
Material & Methods
This study was based on test-day records of the first three lactations, as included in the National Dairy Genetic Evaluations of South Africa, of the Ayrshire, Guernsey, Holstein and Jersey breeds. These datasets were therefore already edited according to the specifications of the South African National Dairy Genetic Evaluation System (Mostert et al., 2006a) and adjusted for heterogeneous variances due to days in milk and parity (Mostert et al., 2006b) . From these datasets the following lactations were selected to be included in the interpolation procedure for ultimately constructing a persistency index:
• All lactations having at least three test-day records;
• All lactations longer than 275 days in milk. The persistency index was based on that used in Canada (Schaeffer et al., 2000) Data was carefully selected for variance component estimation, using the following criteria:
• Both parents should be known;
• The cow should have a recorded first lactation;
• There should be at least five cows in a contemporary group;
• There should be daughters of at least two sires in a contemporary group;
• Sires should be presented in at least three contemporary groups.
After reaching these criteria, a random sample of 35% of the contemporary groups was selected for the Holstein evaluation. However, in order to obtain convergence, defined as standardized maximum change of the solutions from one round to the next with a stopping criterion of 0.001, the Ayrshire and Guernsey datasets had to be less strictly selected with the only criterion applied being, that both parents should be known. Pedigrees were traced back for three generations.
Bivariate genetic evaluations were run on these selected datasets, using VCE4 (Groeneveld & GarciaCortes, 1998 ) to estimate (co)variance matrices that could be used for breeding value estimation of milk yields on days 60 and 280 of lactation. A repeatability model was implemented in order to accommodate different lactations for the same cow in the dataset. The model used, was as follows: The effects included in this model were similar to those used in the South African National Dairy Genetic Evaluation System (Mostert et al., 2006a ) and proved to be significant (SAS, 2003) for all traits and breeds in this study. However, the season of calving concatenated in the contemporary group, was classified into six seasons, starting with December/January, in order to make the comparison of cows within the contemporary group more refined. The season included as a fixed effect within parity was still defined as a summer (October-March) vs. winter season (April-September), as used in the South African National Dairy Genetic Evaluation System. Age classes (14) were allocated across lactations, as in the derivation of standard lactation curves by Mostert et al. (2001) . Calving interval classes (9) were allocated using standard deviation units (Mostert, 2007) . All these fixed effects were based on information from the nearest test-day to days 60 and 280 of lactation, respectively.
For the estimation of breeding values of milk yields at days 60 and 280 of lactation, PEST (Groeneveld & Kovac, 1990 ) was run on the complete populations, using the unselected datasets. Pedigrees were, however, traced back as far as possible and genetic groups were incorporated to ensure that base animals enter the evaluation on the appropriate genetic level.
The Statistical Analysis System (SAS, 2003) was used to calculate Pearson correlation coefficients between predicted milk yields, using the Wilmink curve, and actual yields on days 60 and 280 in milk, as well as for calculation of Pearson correlation coefficients between persistency indices and 305-day lactation estimated breeding values.
Results and Discussion
Persistency can be measured in many different ways (Gengler, 1996) . The major concepts are measures based on mathematical lactation curve models; measures based on ratios between total, partial, maximum or other yields and measures based on variation of yields during the lactation. Random regression models for test-day yields allow curves to be estimated for each lactation of every cow (Jamrozik et al., 1997) . Therefore, a measure of persistency based on the shape of the lactation curve after peak seems to be a logical way of describing potential to maintain the level of production (Jamrozik et al., 1998) . South Africa, however, uses a Fixed Regression Test-Day Model for the National Genetic Dairy Evaluations (Mostert et al., 2006a) . It was therefore decided to base genetic values for persistency on the decline in production from day 60 until day 280 of lactation, as defined by Schaeffer et al. (2000) . This persistency index has the advantage that it is simple and easily understood by breeders. The selection criteria for inclusion of reliable lactations for the interpolation procedure resulted in a pronounced decrease in the number of cows involved in this study compared to the cows included in the National Genetic Dairy Evaluations, in all breeds. For the Ayrshire breed the number of cows decreased from 58 731 included in the National Genetic Dairy Evaluation, to 25 959 cows (44%), the Guernsey breed from 22 847 to 11 154 (49%), the Holstein breed from 1 168 559 to 602 346 (52%) and the Jersey breed from 450 313 to 215 003 (48%). However, to ensure reliable interpolation estimates for milk yields on days 60 and 280 of lactation, using the Wilmink curve, these selection criteria were deemed unavoidable. In Table 1 the correlation coefficients between predicted and actual milk yields on days 60 and 280 of lactation for the different breeds, are indicated.
From Table 1 it is clear that only a fraction of the data consisted of actual measurements at day 60 (less than 3%) and day 280 (less than 5%) of the available lactations. However, predictions of these values using interpolation based on the Wilmink curve were quite accurate, yielding Pearson Correlation coefficients of higher than 92% for all breeds and traits. Milk yield at 60 days in milk was estimated more accurately for all breeds compared to the estimates for milk yield at 280 days in milk.
In Table 2 variance component ratios ± s.e. for 60 and 280 days in milk, are listed. Some interesting differences with regard to the variance component ratios amongst the breeds can be noted. The highest heritability was estimated for 60-day milk yield of the Guernsey breed (0.326 ± 0.030) and the lowest heritability for 280-day milk yield of the Holstein breed (0.133 ± 0.014). Heritability ratios were higher for 60-day milk yields of especially the Guernsey breed (14% higher), as well as the Ayrshire breed (6% higher) compared to estimates for 280-day milk yield, while those for the Holstein and Jersey breeds were rather similar. Meyer et al. (1989) published pooled heritability estimates of 22% for 31-to 60-day milk yield and 17% for 271-to 300-day milk yield from a univariate fixed effects model. Swalve (1995) estimated heritabilities of 24% for 2 nd and 26% for 8 th first lactation milk yield tests using test-day REML models, while Druet et al. (2004) reported minimal and maximal values for heritability of milk yield over lactation of 0.16 and 0.45, respectively, using a reduced rank test-day model. This study's estimates correspond well with this, except for the Holstein's estimates that are lower for both traits. Holstein analyses produced much lower estimates for both traits. These results are in line with variance component ratios published by Mostert et al. (2006a) for the different breeds. Also interesting is the difference between the correlations between 60-and 280-day milk yields among the breeds. The Ayrshire analyses estimated a much lower genetic correlation between 60-and 280-day milk yields (0.603 ± 0.04) compared to the other breeds (all above 0.78), with the Guernsey breed showing the highest genetic correlation (0.883 ± 0.037). Large variation also exists in the literature with regard to genetic correlations between milk yields at these test-days. Danell (1982) published genetic correlations of 0.52 -0.55 between first lactation milk yields at the second and 9 th tests, while Druet et al. (2004) reported a genetic correlation of 0.603 between milk yield on day 50 and day 275 in second lactation and in 2004 Gengler et al. gave an estimate of 0.78 for the genetic correlation between first lactation milk yields at days 65 and 285 of lactation.
The correlations between the permanent environmental effects of the traits are higher than those reported in the literature. For the permanent environmental effects, the lowest correlation was obtained for the Guernsey breed (0.681 ± 0.059), with the other breeds between 0.752 and 0.827. On the other hand, Danell (1982) reported much lower correlations of 0.33 -0.37 between first lactation milk yields at the second and 9 th tests. One should, however, keep in mind that the estimates from this study were averaged over three lactations after heterogeneity of variance due to days in milk and parity has been accounted for.
Milk yield, however, has an important influence on persistency: Total milk yield is the area below the graph of a lactation curve and yield at every moment of lactation is a function of the curve. Furthermore, an animal with a very high production at peak would likely have a steeper slope than a low producing animal (Gengler, 1990) . To test Gengler's (1996) recommendation that a good persistency measure should be independent from yields, the correlation coefficient between persistency indices and 305-day milk yield estimated breeding values (EBVs) was calculated for the Jersey breed. A high estimate of -0.81 was obtained, indicating that animals with high 305-day EBVs have low persistency and vice versa. To obtain independence from total milk yield and to support the strong argument of Sölkner & Fuchs (1987) that persistency should be estimated keeping lactation milk yield constant, 305-day milk yield EBVs were included as covariates in the genetic model for estimation of EBVs for 60-and 280-day yields. This resulted in the correlation declining to -0.14. According to the literature, the relationship between total yield and persistency depends essentially on the persistency measure used (Sölkner & Fuchs, 1987) . Persistency measures based on ratios are positively correlated, but measurements based on variation, negatively (Gengler, 1996) . Kamidi (2005) reported a Pearson correlation coefficient of -0.39 between persistency and lactation yield, using a parametric measure for lactation persistency.
Because reliable conception dates on cows during the lactation were not available, it was not possible to accurately account for number of days open in the model. It was therefore decided to release persistency indices only for bulls, as this effect is assumed to average out over all progeny of a sire (Schaeffer et al., 2000) .
In Figure 1 the relationship between some persistency indices and 60-and 280-day milk yield EBVs for Jersey bulls, is indicated. Bull A, with a persistency index of 57.3, shows a steep decline between milk yield EBVs from day 60 to day 280 in lactation, while Bull C, with a persistency index of 77.7, has an increase over the same period. Bull B, with constancy over this period, has an index of 70.4. The phenotypic averages of the base cows for the Jersey breed, (y 60 = 20.22 kg and y 280 = 14.28 kg), indicate that on average 70.6% of milk yield is maintained on day 280 relative to the milk yield on day 60 of lactation for cows born in 2000, which is the basis of expression of this index. All values above 70.6 therefore indicate increasing persistency and below 70.6 decreasing persistency relative to that of the base cows. This basis is of course breed specific and is 65.9, for example, for the Ayrshire breed. 
Conclusions
Procedures have been developed successfully for calculation of a Persistency Index for the South African dairy breeds. These indices will be released for sires with progeny following each national dairy genetic evaluation. The South African dairy industry will therefore be able to select for changes in persistency in future. However, according to Jamrozik et al. (1997) it is not known if selection for greater or lower persistency should be recommended to improve economic returns. Cows with high persistency may endure more stress during lactation, which could adversely affect reproduction or longevity. The ramifications of genetically changing the shape of lactation curves are not yet known and solid recommendations cannot yet be made to producers regarding selection for persistency. On the other hand, a positive genetic correlation has been found to exist between persistency and disease resistance (Dekkers et al., 1996; Jakobsen, 2000) . Selection for persistency will therefore be especially useful in situations where disease resistance cannot be measured directly. The actual economical value of persistency will thus depend on local conditions and production systems used (Jensen, 2001) .
